The analysis of one of the common four way underlap hydraulic spool valve construction is presented. The flow force in the valve is deduced and used in building a steady state model for the valve based on the continuity and momentum equations.
INTRODUCTION
Evaluation of the different forces encountered in the underlap spool ser-• vovalves during their use is of vital importance. Such analysis helps in accurate characterization of the valves under different operating conditions. Also, it allows successful selection of the type of spool actuation: depending on the level of the required driving force at different pressures and flow rates through the valve.
The study illustrates the importance of the design and operating conditi-• . ons of such hydraulic valves from point of view of stability since the underlap valve may be unstable under certain conditions [1] .
The four way, four land underlap spool servovalve shown in Fig.l (1)
(2) In the vast majority of cases, the valve orifices are matched and symmetric [3] •Therefore,
: ▪ and
where Cd is the discharge coefficient, A is the port area, p s , p 1 and p 2 • • are the supply and load pressures respectively, u is the valve underlap and x is the spool displacement.
MOMENTUM EQUATION OF THE VALVE
The flow force on a control volume, f f' is the sum of the force due to the. rate of change of momentum through the control surface, the force due to • the rate of increase of momentum inside the control volume, the force due to the control volume inertia and the force due to the compressibility • effect. Therefore, ff is given as [2, 4] : x which is the force exerted on the spool by the oil flow. That is: 
where L, Ls and mcv are the ratio of the damping lengths, the supply port: -centre land distance and the mass of the control volume respectively. by (CdBu /ps/p ). That is:
QL(X,PL) = (1+4 1-PL S (1-x) \il+PL S1 (25) Fig.3 shows the variation of F s with X, PL and QL.
For static conditions, the valve force equation (Eq.(19) ) reduces to the form:
L.. (29) Fig.4 shows the relation between the input force, spool displacement and the ratio of the positioner spring rate to the magnitude of the flow spring rate.
DISCUSSIONS
The flow inside the underlap spool servovalve is analyzed in details and the relationships of the flow force, the driving force, the flow spring ▪ rate and the flow damping coefficient were derived and studied.
The flow damping coefficient increases by increasing the port width, the ! supply port-centre land distance and the supply pressure and also by decreasing the ratio of the damping lengths. It may be negative, zero or positive depending on the value of the ratio of the damping lengths. The : ratio of the damping lengths should be less than or equal to one for zero or positive damping in the valve.
:The steady state flow force acting on the valve spool decreases by decre-• asing the port width, valve underlap and supply pressure. Also, it decreases by increasing the spool displacement and the load flow rate.
The input force required to actuate the valve spool increases by increasing the ratio of the positioner spring rate to the flow spring rate. It • : increases also by increasing the spool position if the ratio of the ' positioner to the flow spring rates is greater than or equal to one. The negative slope at X = 0 (see Fig.4 ) indicates that the origin has the potential of being an unstable equilibrium point if ;,K is less than one.
• For the origin to be a stable position and the spool stays centred, the values of K must be greater than or at least equal to one.
The analysis presented in this paper is a part of a complete research work carried out at Cairo Uniirersity to study in details the forces encountered in underlap, centred and overlap spool servovalves [6] . 
